A drawback of the new SI is that by fixing the value of the elementary charge e, the vacuum magnetic permeability µ• and impedance Z• = µ•c are no longer fixed, but get written proportionately to α. All electrical units get dependent on α (and might even, conceivably, vary with time). 
C also equal to √ 4πα = 0.3028 ... . All SI units can be defined in terms of the second, with the coulomb, ohm and weber dimensionless, and the mole identified as the very large Avogadro number.
I. HAVING TO COPE WITH AN UNFIXED µ • , IN THE NEW SI
The International System of units is based on six fundamental units, leaving aside the candela [1] . It has just been revised so that the kilogram, the ampere, the kelvin and the mole get redefined in terms of fixed numerical values of the Planck constant h, the elementary charge e, the Boltzmann constant k B , and the Avogadro constant N A [2] [3] [4] [5] [6] . All basic units are now defined from reproducible universal phenomena, rather than from unique material artefacts, as were the metre and kilogram stored for years at the Bureau International des Poids et Mesures (BIPM) [7, 8] .
But, by deciding to fix the elementary charge to be, exactly, e = 1.602 176 634 × 10 −19 C, the coulomb, and thus the ampere, have to be slightly adjusted accordingly. With e = e • C replacing its earlier expression as e = e old C old , one has [9] 1 C = η C old ,
and thus
with e • = η −1 e • old . The numerical value e • of the elementary charge is chosen very close to its former best determination so that η is very close to 1, up to a few 10 −10 .
The ampere was previously defined as A old , that constant current which, if maintained in two straight parallel conductors of infinite length, 1 m apart in vacuum, would produce between them a force of 2 × 10 −7 N per metre of length [10] . The ampere getting multiplied by η, the new force per metre of length will now be 2 × 10 −7 η 2 N/m. If we want to keep the usual expression of Ampère's force law, F/L = µ • I 2 / 2πr, we must abandon the fixed expression for the vacuum magnetic permeability µ • , through the replacement
The vacuum electric permittivity ǫ • = 1/µ • c 2 becomes also unfixed,
• , free to adjust to the new definitions of the ampere and coulomb.
As a result the sizes of electrical units now depend on α. They are no longer rigidly tied to the mechanical ones. The connection is made softer, with a freely-floating µ •• as a parameter, so that µ • may now qualify as a new "fundamental constant of nature", on the same ground as c and . The fine structure constant gets expressed as .
The vacuum magnetic permeability µ • , measured in N/A 2 or H/m, is proportional to α and depends on its future measurements, through
The 2017 adjustment [11, 12] , taken with the exact values of the fixed constants [13] , corresponds to
But with the new 2018 recommended values [14] of α and µ • as expressed in (4,5) we now obtain a slightly higher value
This already shows (at ≈ 3. Similarly the vacuum impedance
, previously fixed, now has a slightly higher value 
Its value in ohms depends on future measurements of α, even if Z • is supposed to be a characteristic of the vacuum. Fortunately, the ohm itself is now proportional to η −2 as seen in (1), so that Z • = 376.730 ... η 2 Ω is independent of η, and α [9] . This indetermination of the values of the vacuum impedance (in Ω), magnetic permeability µ • (in H/m), and electric permittivity (in F/m) is a new feature introduced in the SI on its last 2019 revision, decoupling electrical units from mechanical ones. It may be viewed, conceptually, as an unfortunate feature of the new SI, resulting from the desire to fix the value of e so that K J = 2e/h and R K = h/e 2 be numerically fixed in GHz/V and Ω, respectively.
The electrical units could even depend on time, in the new SI, should α depend on time, as occasionally considered. They would no longer be time-invariant (in principle a basic requirement for fundamental units) but could vary, according tȯ
(with 1 C × 1 V = 1 J and 1 A × 1 m × 1 T = 1 N independent of η and α), even if such variations are constrained to be extremely small (and practically insignificant). This is the price to pay for fixing e and leaving µ • and Z • = µ • c unfixed. Fortunately, as we shall see, we can still embed the new SI within a larger framework, bringing in all the advantages of a system in which c = = µ • = ǫ • = 1 .
In contrast with the Système International d'unités, revised since May 20th, 2019, theoreticians often like to consider an "ideal" choice of c = = 1, extended to electromagnetism with µ • = ǫ • = 1. But this is usually considered as a utopic system, as opposed to the generality, practicality and universality of the SI. Still, the shall show how the new SI, as officially redefined, can be included within a larger framework in which c = 1 as suggested by relativity, and = 1 as suggested by quantum mechanics. = 1 is implicitly adopted, in fact, when we say that the electron is a spin-1/2 particle.
Then we can again directly view the vacuum magnetic permeability µ • , electric permittivity ǫ • and impedance Z • = µ • /ǫ • as fixed quantities, as for the speed of light c = 1/ √ µ • ǫ • and reduced Planck's constant . All of them may be regarded as "fundamental constants of nature". We may then, in addition, fix them to 1, which provides expressions of the metre in terms of the second (from c), of the joule in terms of the s −1 (from ), of the ampere in terms of √ N (from µ • ), etc..
The theory of relativity already allowed for defining the metre from the second, by fixing the value of c to be, exactly, 299 792 458 m/s [16]. If we impose, in addition, c = 1 [9] , we can consider the second as being also a unit of length, and identify the metre as a fixed fraction of the second : 
The definition of the kilogram has just changed, from the historical "grand K" stored at BIPM [8] to a new one based on quantum physics [4] [5] [6] . This is done by fixing the value of Planck's constant to h = 6.626 070 15 × 10 −34 J s . If we now impose, in addition, = h/2π = 1, we can consider the second 
But can we go further in our plan to include the new SI within a system where c = = µ • = ǫ • = 1 ? This may seem difficult, especially as µ • is no longer exactly fixed but given by µ • = 4π × 10 −7 η 2 N/A 2 , its value being now dependent on α. Irrespectively of this, we can impose µ • = 1, which provides the ampere as proportional to a square root of the newton :
With c = 1, asking for µ • = 1 or ǫ • = 1/µ • c 2 = 1 is equivalent, with
verifying from (13, 14 ) that 1 C = c • m A = 1 A s. This is also equivalent to choosing in (8)
The new SI gets embedded within a larger framework, so that µ • , ǫ • and Z • = µ • /ǫ • = µ • c are all fixed and equal to 1 . The ohm is a dimensionless unit,
as required for (8, 15 ) to be independent of α, and equal to 1, the natural unit of impedance. The ampere and the coulomb are obtained from (13, 14) as 
The weber is also dimensionless, with 
reflecting that 1 V = 1 A × 1 Ω. The flux quantum, h/2e = π/e, has a fixed value when expressed in Wb, (21) To illustrate better how R K involves the vacuum impedance Z • = µ • c = 1 and α = η 2 α • , we can write 
The remaining electrical units may be expressed in terms of the second as [9] 
and the mole gets identified with the very large Avogadro number, N A• .
III. CONCLUSION
The new SI brought a huge progress by providing a new definition of the kilogram based on quantum physics. Still by fixing the value of e, it requires to adjust the coulomb and ampere, changing the vacuum magnetic permeability µ • and impedance Z • = µ • c into unfixed parameters, to be measured experimentally. All electrical units become dependent on α, and might even vary (very slightly) with time.
Still the new SI can be embedded within a larger framework, with = c = µ • = ǫ • = k B = N A = 1, the vacuum magnetic permeability, electric permittivity and impedance being fixed and equal to 1. All units, metre, joule, kilogram, ampere, ... and kelvin get fixed and defined in terms of the second, with the ohm, coulomb and weber dimensionless, e = 1.602 ... × 10 −19 C = √ 4πα = 0.3028 ..., and the mole equal to the Avogadro number.
